INTRODUCTION
Anthracosis (anthrac-meaning coal, carbon + -osis meaning condition) is defined in Bioline as, "the asymptomatic, milder type of pneumoconiosis as caused by the accumulation of carbon in the lungs due to repeated exposure to air pollution or inhalation of smoke or coal dust particles" (1). Anthracosis may be seen as a superficial black discoloration (simple anthracosis) ( Figure   1A ) or scattered foci of black spots, which retract mucosa inward due to the effect of adjacent anthracotic lymphadenopathy ( Figure 1B ). Anthracosis is an ancient disease discovered in mummies (2) (3) (4) . The early scientific reports of this disease were mainly from Western countries and the term "anthracosis" was coined by Pearson in 1813 (5) . Pearson and others believed that anthracosis was a complication of coal worker pneumoconiosis (6) . However, the interest of Western countries in this disease declined as the frequency of anthracosis declined in their countries.
The second wave of anthracosis in the literature started in Asia, as it is still a problem in this continent. Most of these studies showed that pneumoconiosis and exposure to coal were not the most frequent risk factors and thus researchers excluded pneumoconiosis patients from the category of anthracosis (7, 8) . Chung et al. (7) introduced BAF as a unique clinical syndrome. It is the severe form of disease, which distorts and narrows the bronchial lumen ( Figure 1C ). Later, some new terms were introduced such as anthracostenosis (9) or anthracotic bronchitis (10) used to describe extensive deposition of carbon in the main bronchial walls; which in the majority of cases is accompanied by severe submucosal edema, bronchial stenosis, protruded mucosal folds and lung collapse (10) ( Figure 1C) . Available data from large series of patients who underwent bronchoscopy for other reasons have shown the frequency of simple anthracosis to be 3.4 -21% (11, 12) .
This rate was 0.1-22.5 for BAF (13, 14) (cumulated means 5.7%) (Table1). Frequency of BAF is lower in Western countries and Wynn et al. reported seven BAF cases among 7000 bronchoscopies (15) . Reports from other continents such as North America or Africa were also scanty (14, 16) and reports of anthracosis in children are very rare (17) . As mentioned above, anthracosis was previously prevalent in coal workers, but new reports are now mostly reporting this disease in farmers (40%) (11) (Table 1) and rural dwellers (55-66%) (8, 10, 18) . The number of affected females in some large series has been equal to males (8, 10) , but accumulation of data show that BAF in females is slightly more prevalent than males (Table 1) . Moreover, almost all studies have shown that anthracosis subjects are elderly (Table 1) . In a meta-analysis, the mean age of patients affected with anthracosis was 63±3.8 years, which shows that these patients are significantly older than nonanthracosis subjects (52±6.4 years) (t= 3.43, P=0.02) (19) .
Proposed etiological factors Dust
The exact reason of anthracosis and the origin of anthracotic nodule have yet to be discovered. Dust exposure, especially coal dust in anthracosis subjects was reported during 1960-1980 in Europe (5, 6) . Later on, Wynn et al. (15) reported seven subjects who were exposed to coal and tile dust in their work place. Recent studies in Europe have shown deposition of mica and silica crystals in calcified mediastinal lymph nodes of anthracotic patients using transmission electron microscopy (20,21).
Hwang et al. (14) studied 10 BAF subjects from Asia and the Indian subcontinent. They reported that aluminum silicates and quartz were present in 37-70% and 2-7% of subjects, respectively. In a study in Japan, elemental constitution of lobectomized lung tissue obtained by autopsy was analyzed by a wavelength-dispersive X-ray fluorescence spectrometer (22) ; the most important noncarbonaceous fraction of intrapulmonary particulate pollutant was silicon and aluminum, especially in farmers compared to other occupational categories. Electron microscopic evaluations of the lung tissue from mummies also showed silica, aluminum, and iron deposits (3).
Although the effect of coal on BAF subjects was again reported in Eastern countries (23) ; heavy exposure to dust such as in miners, stone breakers and well diggers` was reported in only 3% of BAF subjects (11) . Therefore, the pathogenesis of these crystals causing anthracosis should be different from that of routine air pollution and occupational exposure, and according to a recent widespread investigation (24) and in mummies (4), concurrent exposure to carbon smoke from the combustion of fuels and inorganic compounds that contain limestone and alumina-silicates is the most possible cause for anthracosis. 
Smoke
Biomass smoke has been mostly reported as a risk factor for anthracosis in Asian countries such as Korea (8), (26) and Turkey (27) . Some reports from Africa (28) and Latin America (29, 30) have indicated chronic respiratory disease induced by biomass smoke exposure. The hypothesis about biomass as a causative factor for anthracosis is due to the resemblance of anthracotic pigments to carbon particles and the fact that most of the anthracotic subjects (77.6%) are non-smokers (Table 1) . Biomass is produced by burning of wood, leaves or dung (manure) of farm animals for heating, cooking or baking (8) . Depending on the geographical and socioeconomic status, exposure to biomass was reported in 7-100% of BAF subjects, but the cumulated incidence rate was 61.5% (Table 1) were some anthracotic subjects who had used other fuels such as kerosene or gas; these cases cannot be explained by this hypothesis.
Cigarette smoking is not a risk factor for anthracosis and its frequency was significantly lower in anthracotic subjects compared to COPD subjects who underwent bronchoscopy (Table 1) . Moreover, anthracotic plaque and bronchial deformity were not observed in typical COPD subjects (who had a history of cigarette smoking); therefore, in case of detecting anthracosis during bronchoscopy, it should not be considered as a variant of COPD. Increased motility of bronchial cilia was postulated to be the cause of low prevalence of anthracosis in cigarette smokers (24) .
Tuberculosis
Three decades ago, presence of TB in BAF was shown by Chung et al (7) . Thereafter, several studies have reported the association of anthracosis with TB (Table 2 ). In a meta-analysis, which reviewed all studies on the association of TB and anthracosis, it was shown that the cumulated incidence of TB in anthracosis and BAF subjects who underwent routine bronchoscopy was 16.6% (95% CI=8.5-31) and 32.3% (95% CI=21-57) respectively (19) . The risk of TB increased in anthracosis with a cumulated odds ratio of 3.16 (95% CI= 2.49-6.85), which was significantly higher than that in the control group ( Figure 2 ) (19) .
History of close contact with subjects suffering from TB and PPD skin test more than 10 mm was reported to be useful for diagnosing TB in BAF subjects suspicious for TB (34) . It is noteworthy that 38% of BAF subjects who suffered from associated TB reported close contact with TB patients (34) . PPD reaction more than 10 mm was reported in 63% of TB-proven BAF subjects, while this finding was shown in 34% of BAF non-TB subjects (35) . Serological markers for the activity of TB, such as IL-2 sRα, IFN-γ and TBGL antibody, were evaluated in BAF cases, but they
were not useful for evaluation of TB activity in patients with anthracofibrosis (36) .
Two studies used polymerase chain reaction for evaluation of TB and the frequency of TB superimposed on BAF was reported to be 37% and 34% (37, 38) , which were slightly higher than the result of traditional methods such as acid fast bacilli testing or culture (31%) (38) . Evaluation 
Bronchogenic carcinoma
Malignant lesions associated with anthracosis have been sparsely reported (41) (42) (43) , but accumulation of data from studies reported the frequency of malignancy revealed lung cancer in 0-7% of subjects (cumulated frequency=3.4%) ( Table 2 ). The reason for the variation in frequency of lung cancer associated with anthracosis has yet to be understood, but in one study by Ohshima (22) , subjects with lung cancer had a high level of iron, calcium, copper, lead, chromium and nickel in their lung tissue and lower levels of silicon and aluminum as the main mineral intrapulmonary particulate pollutant of routine anthracosis subjects (22) . Therefore, we can conclude than there is no epidemiological or etiological association between anthracosis and lung cancer. 
Pathology
Anthracosis involvement mainly starts from the respiratory bronchioles (44, 45) . Histopathology of the lung tissue has shown carbon-like particles inside the cytoplasm of the macrophages in the bronchial wall (46) (Figure 3) and free particles in the mediastinal lymph nodes (47) .
Submucosal fibrosis may also be seen in the bronchial wall (37) and the epithelial lining is usually intact (26) . In a study, lobectomy was done on two BAF subjects and fibrosis of the bronchi and reactive hyperplasia with anthracotic pigmentation were the major histopathological findings (48) . Perforation of anthracotic lymph nodes into the bronchial lumen may be the mechanism that produces anthracosis with retracted mucosa ( Figure 1B ) (18) .
Bronchial cytology showed macrophage-containing anthracotic nodules in 71% of subjects (12) . Associated pathology such as TB or cancer is usually distinct from BAF histopathology (37, 49) . These findings are completely distinct from the histopathological findings of COPD as the most important clinical differential diagnosis of BAF.
Animal studies
Anthracosis was discovered in the lung tissue of wild and domestic animals (47, 50) . A study in cattle showed anthracosis in 3.8% of lung and lymph node tissues (47) . In some experimental studies, investigators were successful in inducing anthracosis in animal models (51); moreover, the frequency of anthracosis in rats that were exposed to exhaust smoke was evaluated as well (52) . and granuloma due to tuberculosis (none-filled arrow).
Anthracosis in other organs
Anthracosis has also been reported in the liver, spleen (53) and esophagus (54, 55) . Anthracosis in the esophagus is important as it mimics the picture of malignant melanoma (56) . An interesting case of sinusitis was reported, where the subject suffered from anthracosis of the sinuses (57).
Clinical manifestations
BAF usually presents with pictures very similar to COPD with the exception of a history of cigarette smoking.
Cough and dyspnea are the most frequent symptoms of BAF and anthracosis in most reports (Table 1) . Association of TB does not change the chronic symptoms, but it may cause new onset weight loss or fever (25%) (58) which should be differentiated from pneumonia, which is reported to be superimposed on 30% of BAF subjects (8) .
Physical examination of the lungs usually shows wheezing (7) 
Pulmonary function tests
Preliminary studies on BAF subjects showed a mild obstructive pattern (mean FEV1 83.9%±22.9% predicted) and class I and II GOLD classification (8) (Table 3) .
Generally, BAF subjects could be classified under obstructive lung disease, but some of them have shown normal or restrictive patterns (Table 3 ). In a study on BAF subjects, post bronchodilator response was not significant and DLCO and DLCO/VA were mainly within the normal range (61) . Another study showed that the resistance of the airways had a significant correlation with the number of bronchial stenoses (62) . Therefore, we conclude that obstruction should be fixed in the bronchi and the respiratory unit should be intact. Statistical analysis did not show a correlation between the severity of clinical findings and spirometry (61). 
Radiological findings Chest X-ray
Chest X-ray (CXR) was reported to be normal in only 7% of subjects (33) . The most frequent abnormalities reported in CXR were non-homogeneous pulmonary infiltrate (Figure 4) , subsegmental atelectasis and mass lesions (40% and 16%, respectively in BAF subjects) (33) .
CXR in some cases showed resolution of abnormalities when the anthracosis subjects were proven to suffer from TB and were treated with anti-TB medications (7, 37, 64) .
Computed tomography
Computed tomography (CT) was more sensitive for anthracosis and showed more specific radiological findings ( Figure 5 ). The earliest reports have shown mediastinal or hilar lymphadenopathy in 94% of cases, 57% of them were calcified (high attenuation); followed by bronchial narrowing with or without atelectasis in 94% (18) . A study evaluated the most important CT findings, and showed a significantly higher frequency and chance of lymph node high attenuation (calcification) (80%, odds ratio=22. and mass lesion (14%) in BAF compared to nonanthracotic subjects (33) ( Table 2 ). Bronchial stenosis was usually smooth without endobronchial nodules (80%), and although not frequent, distal atelectasis was not seen in some cases (18) . Bronchial wall thickening was also reported in 20% of BAF subjects (18) . Involvement might be unilateral or bilateral, but the right middle lobe, followed by the upper lobes were frequently reported as the most commonly involved lobes (7, 18, 33, 65) . CT images were unremarkable in 17% of simple anthracosis subjects and 6% of anthracofibrosis subjects (33) . Pleural disease was observed in a quarter of BAF subjects (8) .
As a routine practice, anthracosis may be erroneously diagnosed as TB, lung cancer, atelectasis or pneumonia showed that necrotic lymph nodes, multiple poorly defined small nodules, including branching opacities (including tree in bud) and consolidation with internal low density were in favor of TB.
MRI was used to differentiate BAF from lung cancer in case of a mass lesion (67) , which showed that BAF had low density in the T2 weighted image, and differentiated BAF from lung cancer. But some reports showed positive FDG-PET results in BAF, which make the use of FDG-PET scan for differentiating between malignancy and BAF difficult (68, 69) .
Bronchoscopic findings
Bronchoscopy is the gold standard for diagnosing anthracosis. As mentioned above, anthracosis may be detected in different images as simple flat anthracosis ( Figure 1A ), deep seated retracted anthracosis (originating from an anthracotic lymph node besides the bronchus) ( Figure 1B) , and protruded black discoloration of mucosa with or without narrowing of bronchi (BAF) ( Figure 1C ). In addition to black lesions, bronchial swelling with infiltration, erythema ( Figure 1C ) and thickening that may cause obliteration of bronchi may be seen (46) . Anthracosis can be localized or disseminated, unilateral or bilateral (18) and the most frequent place of involvement is the right middle lobe (RML), followed by the upper lobe bronchi (Table 2 ), especially at the bifurcation or inlet of the lobar or segmental bronchi (8, 12) . Tracheal involvement is rare and was detected in 3.8% of BAF subjects (11) . Also, bronchial washing may show free black particles (45) and biopsy is usually difficult as the mucosa has a hard consistency (7) . Bleeding during biopsy is frequent (9%) (8, 37) , but it usually causes no further complications (7, 8, 37) . (73) . In case of confirmed TB associated with anthracosis, anti-TB medications can improve the general condition and sometimes, the radiological manifestations of patients (7, 33, 64) . However, anthracosis alone can usually be controlled with conservative management, although in some cases of severe localized bronchial obstruction of large airways, bronchial stents were successfully used (74) .
Clinical course, quality of life and follow up (10/15) of subjects.
